
Lindy Elkins-Tanton

School of Earth and Space 

Exploration

Arizona State University

How did the Earth get its 

water?



NASA/JPL CalTech



Igneous silicates (cumulates, bulk 

magmas, and basaltic extrusions)

Chondritic materials, varied 

metamorphic grade

Iron-nickel metal

UNDIFFERENTIATED MATERIALS

DIFFERENTIATED MATERIALS

catastrophic

impacts

accretion





Glenn MacPherson (Smithsonian)



100 microns

Cavosie et al. (2005)
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http://www.meteorites.com.au/



Most water on Earth came from rocky planetesimals

Marty (2012)

Comet 67P/Churyumov-

Gerasimenko

Altweg et al., 2014



More specifically, from CI chondrites

Alexander et al. (2012)

COs do not work 

bc of Ti and Cr 

isotopes (Warren, 

2011)



Process extends from  rst solids in the solar system to 10s to 100s of millions of years subsequent

Planets are built by giant impacts

Planetesimals Embryos Planets



Robin Canup, SWRI 

http://www.boulder.swri.edu/~robin/moonimpact/

This is a still 

from Robin 

Canup’s video, 

which can be 

seen at the site 

below.





NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington

Giant impacts do not completely devolatilize the planet: Mercury



Peplowski et al. (2011) Science

Giant impacts do not completely devolatilize the planet: Mercury
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Hauri et al. (2011) Science

Giant impacts do not completely devolatilize the planet: The Moon



Life (1952)



New York Times (2008)



After Elkins-Tanton (2012)


